Abstract A joint probability distribution function of a conservative scalar (mixture fraction) and its gradient is predicted numerically. Statistical moments of this function are compared to their approximations, direct numerical simulation data, and also to the results obtained by simplified models for a conditional rate of scalar dissipation, the surface density function, and the one-point PDF of scalar fluctuation under homogeneous isotropic turbulence. The results allow to evaluate the performance of existing statistical micromixing models.
Introduction
For scalar fields in turbulent reacting flows to be described, the models based on the joint PDF of random flow characteristics are widely used [1] [2] [3] [4] . The knowledge of the joint PDF is equivalent to the knowledge of all statistical moments. It allows one to overcome difficulties in closing non-linear terms responsible for chemical reacting in the balance equations for chemical species.
One of the joint PDFs applied for modeling turbulent reacting flows, being far from chemical equilibrium, is the joint PDF P t ( W, ψ) of a scalar C (several scalars) and its gradient Z (gradients) [4] , where W and ψ are the probabilistic variables corresponding to Z and C respectively. The closed equations for the function P t ( W, ψ) are constructed in [5] [6] [7] . As a multivariate scalar field a set of mass or molar concentrations of mixture species, temperature, enthalpy, etc. can be considered.
In turbulent reacting flows, the mixing which occurs on small spatial scales (named micromixing) is of most interest because the rate of chemical reaction depends to Usually researchers of turbulent non-premixed combustion try to separate the problems of turbulent mixing of reagents from chemical reacting itself. There is a strong dependence of the reaction rate on mixing, while a reverse influence is not so strong. It enables one to describe mixing characteristics in terms of a set of conservative scalars [8] . Using a widely adopted assumption of the equality of diffusivities for all scalars, it is easy to derive the balance equation for some linear combinations of original scalars called Schwab -Zeldovich's variables. For a binary reaction, such a variable is the so called mixture fraction representing the ratio of concentrations of a fuel and an oxidizer. For definition of mixture fraction = ξ see, for instance, [9] :
The concept of conservative scalars is actively applied in the conditional moment closure (CMC) approach [10] which consists of two complementary parts. The first one is convection-diffusion equations for averaged mass concentration of species and enthalpy Y i conditioned by a fixed value of the mixture fraction ξ = ψ (fractions)
Here χ |ψ is the conditional rate of conserved scalar dissipation, ω i |ψ the conditional rate of chemical reaction.
The mixture fraction ξ obeys the usual convection-diffusion equation without source terms
The second part of CMC models consists of the equations for the PDF (PDFs). In the case of one conservative scalar ξ responsible for mixing, the equation for the one-point PDF of the scalar f t (ψ) at large Reynolds numbers takes the form [10]:
In contrast with the classical convection-diffusion equations (2), equation (3) has a negative factor in front of the diffusion term in the RHS and is so of inverseparabolic type. Difficulties in numerical solution of such an equation can be overcome by the approaches based on the Monte Carlo modeling [11] . An alternative is a class of simpler computational methods in which a parametric form of the PDF f t (ψ) is postulated, while parameters are found from normalization conditions for the function f t (ψ). In that case, equation (3) is applied to find the conditional scalar dissipation rate χ |ψ (CSDR). In turbulent combustion theory, this value determines the flame zone structure, the thickness of a combustion front and the speed of its propagation.
